introduction
The study of human skulls took place since ancient times through craniometric measurements carried out on dried skulls. With the discovery of the X-rays in 1895 and its regulations in 1931, it became possible to evaluate growth changes and development of the same patient along the years with or without orthodontic treatment. 3, 8 From this moment onwards, interest on lateral cephalometric diagnosis started to expand. On the other hand, PA cephalometric radiographs remained stagnant over the years and currently there is still a great reluctance regarding its use. This lack of interest added to the difficulty to satisfactorily position the head on the cephalostat resulted in the small progress of the PA analysis. 4, 6, 15, 17, 19, 20, 25 However, the need to use frontal cephalometry for a complete orthodontic diagnosis was reinforced with the development of orthodontic techniques such as palatal expansion, facial orthopedics, mandibular posture, changes in the transverse dimension through the use of braces and even with regards to the relationship between respiration and growth. 9, 14, 21, 24 Patients are three-dimensional and not two-dimensional, therefore it is no longer acceptable that orthodontic diagnosis is made solely by considering two dimensions of space: The anteroposterior and lateral planes obtained in lateral teleradiographs. 11, 13, 18 The great importance of expanding the vision in more than one plane of space for a complete diagnosis and orthodontic treatment was published in the book that refers to orthodontic diagnosis, specifically in the section "Three-Dimensional Cephalometric Analysis" by Langlade, where PA analysis developed by Ricketts was described, reporting its implementation, clinical standards and their respective clinical deviations. 12 It is essential to remember the importance of keeping the PA cephalometric radiograph analysis associated with the lateral analysis. This is to obtain a more accurate and complete diagnosis so to increase the vision of the transverse dimension of the face, maxilla and mandible; tooth position in the lateral direction; evaluation of maxillary expansion, condylar position; functional deviations of the mandible, among many others. 1, 7, 10, 13, 16 There are few longitudinal studies on posteroanterior radiographs, 2, 22 so the aim of this study is to broaden the understanding of the PA radiograph by directing the diagnosis to another important dimension in space: The transverse dimension.
MAtEriAL, MEtHodS And StAtiSticAL AnALYSiS
The selected sample for this study consisted of 45 Brazilian children from São Paulo city, 25 female and 20 males attending the Children's Clinic of Paulista University, UNIP. All children initially presented in the mixed dentition, harmonic profile, satisfactory occlusion without any tooth loss and/or extensive restorations in the posterior teeth, and no previous orthodontic or orthopedic treatment. At the time when the first radiographs were taken patients had a mean age of 7 years and 7 months (T 1 ), at the second, 13 years and 3 months (T 2 ), with a mean interval of 5 years and 8 months between the two radiographs.
All PA radiographs were taken using the same X-ray equipment. The tracings were made on a light box in a dark room, on a specific 0.003-in tracing paper and were measured twice by the same examiner, within an interval of at least 1 week to eliminate measurement inaccuracies. The cephalometric PA analysis used was the one proposed by Ricketts 19 and Faltin.
11
The analyzed transverse Ricketts measurements (Fig 1) . The Faltin 11 vertical measures were: OVD (Occlusal Vertical Dimension) and TVD (Total Vertical Dimension) (Fig 2) .
The objective of this study was to determine the correlations of these seven orthodontic measurements carried out in two different times (T 1 and T 2 ) and also to consider whether or not they were maintained with growth (T 1 x T 2 ).
To evaluate the correlations at T 1 and T 2 , Pearson's linear correlation coefficients were used to describe the degree of correlation between the two variables, ranging from -1 to 1. Values near zero indicated no linear association, and values close to the extremes indicated large linear association between the variables. To evaluate whether the correlation coefficients remained at the same values between the two times, T 1 x T 2 , comparing correlation coefficients tests were used.
rESuLtS
The Pearson's correlation coefficients are shown in Tables 1 and 2, and Table 1 shows the Person's linear Correlation indices for the T 1 measurements and Table 2 the indices for T 2 . Analysis of both tables shows that positive values can be observed, indicating positive correlations, i.e., when the value of a measurement increases, the other also increases. It was also noted that many values are near zero, indicating no linear correlation between the measurements. To better illustrate these correlations, Figure 3 was developed with a two by two scatter plot between variables, for T 1 and T 2 , where the behavior of the measurements can be observed, for example, it shows that OVD and TVD have good positive correlation in both times (the points describe an ascending straight line), as well as with OVD and MdTD, although in this case the data are slightly more scattered.
To verify whether the correlation coefficients would change between the two times, tests were carried out to compare the linear correlation coefficients between Time 1 and 2, which results are shown in Table 3 .
diScuSSion
The first studies using frontal and lateral cephalometric radiographs were only possible in 1931, after the simultaneous publication in Germany and the U.S.A., time when the cephalometric radiography was standardized. Several cephalometric PA analysis were developed, but the most commonly used was the one proposed by Ricketts. 19 Since this analysis was based on a sample of Caucasian North American patients, other authors had interest in verifying the applicability of the reference values of the Ricketts' PA analysis in other populations, such as Chinese, Japanese, Brazilian and Austrian. 5, 14, 20, 21, 23 However, when searching for longitudinal studies related to the PA radiograph, it appears that only few studies were carried out. 2, 22 In this study seven measures of cephalometric PA analysis proposed by Ricketts 19 and Faltin 11 in two radiographic times (T 1 and T 2 ) were correlated. It was also evaluated whether these correlations have changed during the follow-up period of this study, mean time 5 years and 8 months.
FTD is related to facial width in the lateral direction, confirming that other measurements, which also represent the transverse direction were positively correlated at a significant level of 95% in an average degree. This was also positive for MxTD, MdTD, both in T 1 and T 2 , except LITD where there was no significant correlation, probably because this was the only dental measurement. When FTD was correlated with the vertical measurements, OVD and TVD, both were also positively correlated, at a significant level of 95%, but in a weaker degree.
MxTD is related to the width of maxillary bone, confirming that only MdTD had an average positive correlation in T 1 and T 2 . Vertically, OVD and TVD, were positively correlated, increasing from weak in T 1 to average degree in T 2 . This shows that with growth the correlation among these measurements became stronger.
NTD is related to the nasal width and consequently to the patient's respiratory capacity. The maxillary atresia is strongly correlated with the respiratory capacity of the upper airways, where the lack of airflow through the nose and thus the opening of the mouth and the lowering of the tongue reduce the stimulation of transverse maxillary growth. The diagnosis of the maxillary width is extremely important to establish a potential prognosis. A weak positive correlation in all transverse and vertical measurements was found. These correlations increased in T 2 , showing that in this sample this measurement has an independent characteristic, probably because the patients presented with no transverse maxillary deficiency.
LITD is the only dental measurement in this study. The LITD analysis is very important as it gives the value of the width of the lower arch. This variable had a weak or very weak significant correlation with the variables studied. These relations were maintained with growth. This is probably due to their characteristic behavior during the development of the occlusion, as this measurement decreases during growth through the lingual inclination of the molars, which compensates in width the mandibular growth.
MdTD represents the transverse bone width of the mandible, and its importance in the differential diagnosis of orthognathic surgery is essential. This provides the real value of the mandibular width, which may be correlated with the maxillary width, so to precisely verify where the problem lies. MdTD had an average positive correlation with the transverse measures FTD, MxTD, and with the vertical OVD and TVD. These correlations remained in T 2 .
OVD represents the height of the average face in vertical direction, and as seen previously, this variable has a weak or medium positive correlation with all transverse and vertical studied measures, both in T 1 and T 2 , except with LITD, which presented a very weak positive correlation. However, there was a strong correlation, the largest found in this study, with the variable TVD, increasing with growth.
TVD provides the total height of the face in the vertical direction. This variable has an average positive correlation with all transverse and vertical studied measurements presenting a strong positive correlation with the variable OVD, except with LITD, which proved to be weakly positive correlated.
This indicates that the transverse measurements of the face are interrelated and this interrelationship between them is maintained or increases with growth. LITD is a dental measurement, which showed to behave independently from bone measurements. OVD and TVD were measurements that had the highest correlation in this study, showing that the face, further than the transverse growth, has an important dimension to be considered, the vertical one.
concLuSion
In view of the obtained results from the studied sample, we may conclude that the face retains interdependent regions that correlate positively with each other, both transversely and vertically, and these relationships are maintained or strengthened with growth.
